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Abstract
Background: The purpose of the present study was to describe the pathophysiology of the
systemic inflammatory response after major trauma and the timing of final reconstructive surgery.
Methods: An unsystematic review of the medical literature was performed and articles pertaining
to the inflammatory response to trauma were obtained. The literature selected was based on the
preference and clinical expertise of authors.
Discussion:  The inflammatory response consists of hormonal metabolic and immunological
components and the extent correlates with the magnitude of the tissue injury. After trauma and
uncomplicated surgery a delicate balance between pro- and anti-inflammatory mediators is
observed. Trauma patients are, however, often exposed, not only to the trauma, but to several
events in the form of initial surgery and later final reconstructive surgery. In this case immune
paralysis associated with increased risk of infection might develop. The inflammatory response is
normalized 3 weeks following trauma. It has been proposed that the final reconstructive surgery
should be postponed until the inflammatory response is normalized. This statement is however not
based on clinical trials.
Conclusion: Postponement of final reconstructive surgery until the inflammatory is normalized
should be based on prospective randomized trials.
A local inflammatory response always occurs in relation
to trauma. Severe injury or multiple trauma evoke a sys-
temic inflammatory response. This systemic inflamma-
tory response to major injury is caused by hormonal,
metabolic and immunological mediators, and is associ-
ated with a haemodynamic response. Accidental unanaes-
thetised trauma is also to a larger extent associated with
ischemia, ischemia/reperfusion (I/R) injury, hypovolemia
and the immunological reactions secondary to blood
transfusion. The systemic inflammatory response is
required for tissue repair and has evolved in all mammals
to optimise the healing potential of an organism. In
uncomplicated trauma patients the systemic inflamma-
tory response is temporary, predictable and well balanced
between pro- and anti-inflammatory mediators. If the
patient is exposed to severe major trauma an initial exag-
gerated proinflammatory response may be observed.
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In contrast to the scheduled surgical patient, the trauma
patient is exposed to several events or hits. The first hit is
the trauma and the second the necessary damage-control
surgery. In response to these hits the immune system
might be exhausted with increased risk of infection and
sepsis. The final reconstructive surgery is often postponed
to avoid the detrimental triad of hypothermia, acidosis
and coagulopathy, but also to avoid another hit to the
immune system. The timing of the final surgery is widely
discussed.
Knowledge of the normal inflammatory response to
trauma makes it possible for the anaesthetist or surgeon to
react if an abnormal response is observed. In this review
we will describe the normal inflammatory response to
major trauma, the impact of I/R and hypovolemia and the
timing of surgery.
This review describes the normalisation of the immune
system following trauma in relation to the timing of
definitive fracture stabilisation.
Methods
An unsystematic review of the medical literature was per-
formed and articles pertaining to the inflammatory
response to trauma were obtained. The literature selected
was based on the preference and clinical expertise of
authors.
The hormonal metabolic response
Major accidental trauma is followed by a hormonal meta-
bolic response. This response is characterized by increased
secretion of various stress hormones such as adrenalin
and cortisol, but also glucagon, growth hormone, aldos-
terone and anti-diuretic hormone [1,2].
The adrenocortical response to trauma was first described
nearly 100 years ago and has been demonstrated in all
investigated mammals ranging from rodent to man [3].
Afferent impulses from the site of injury stimulate the
secretion of hypothalamic releasing hormones which fur-
ther stimulate the pituitary gland. Cortisol is secreted by
hormonal stimulation of the adrenalin cortex while
adrenalin is secreted by the adrenal medulla in response
to activation of the sympathetic nervous system.
Noradrenalin spills over into the plasma from the sympat-
ric nerve endings. The magnitude and duration of the hor-
monal response to traumatic stress correlate well with the
extent of the trauma [4]. The neuroendocrine stress
response interacts with the immunological response to
trauma [5]. There is no evidence that hormonal treatment
can improve the outcome following major trauma in
humans.
It has been shown in animal studies that estrogen and to
a lesser extent dehydroepiandrosterone (a precursor of
estradiol and testosterone) is protective in trauma [6,7]. In
a trauma hemorrhage shock model, administration of
estrogen restored the cardiovascular, hepatocellular, and
immune function [8]. In most human observational stud-
ies, female gender protects against complications and
mortality associated with trauma [6]. However, it remains
to be demonstrated that the administration of estrogen
also is protective following trauma in humans [9].
Major accidental trauma also induces a metabolic
response. Following major trauma the metabolic rate is
reduced for a period lasting from several hours up to 24
hours. This is followed by a hypermetabolic and catabolic
phase [10] characterized by catabolism of bones, muscle
and fat and increased gluconeogenesis resulting in hyper-
glycaemia [11]. Following uncomplicated major trauma
this hypermetabolic phase usually lasts less than a week.
This hypermetabolic response is associated with increased
oxygen demands in the tissues. Elderly patients with co-
morbidities such as chronic obstructive pulmonary dis-
ease and cardiac disease have reduced physiological
reserves, and might not be able to cope with the increased
oxygen demands. Thus lack of these physiological reserves
is probably more important in explaining the increased
mortality in elderly patients following major trauma than
their reduced immune response [12].
If the hypermetabolic response lasts more than 1 or 2
weeks, the patient has probably developed severe systemic
inflammatory response (SIRS) and underlying infection
and sepsis should be suspected.
The haemodynamic response
The normal haemodynamic response to major trauma
was first described by Cuthbertson [10]. Like the immu-
nological and metabolic response, the haemodynamic
response to major trauma is biphasic. The initial shock
phase of trauma where haemorrhage causes hypovolemia
is characterised by pronounced peripheral vasoconstric-
tion, retention of sodium chloride and water, and a trans-
location of blood from peripheral to central vital organs.
More than 70 years ago, the shock phase in un-resusci-
tated trauma victims was described as lasting one day
[10]. Today the duration of the shock phase is limited due
to early goal directed administration of intravenous fluids
and blood transfusion. Most anaesthetic agents induce
vasodilatation and thus counteract the peripheral vaso-
constriction which in the initial shock phase is vital.
When the trauma patient is fluid resuscitated, the haemo-
dynamic response becomes characterised by vasodilata-
tion and increased flow not only to vital organs but also
to the muscles and injured tissue. During this flow phase,Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2009, 17:43 http://www.sjtrem.com/content/17/1/43
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or hypermetabolic phase, the oxygen consumption and
CO2 production is increased [13]. The increased metabo-
lism reflects the increased activity of cells repairing the
injured tissue. The catabolism of muscles and the glucone-
ogenesis is also associated with the flow phase. To com-
pensate for the increased oxygen consumption the body
reacts with tachycardia, increased cardiac output increased
respiratory rate and vasodilatation. It is important during
this flow phase to maintain a sufficient intravascular vol-
ume by administration of intravenous fluids [14]. In the
uncomplicated trauma patient, the flow phase symptoms
last only a few days. If the tachycardia, increased respira-
tory rate, associated leukocytotosis, and increased temper-
ature following major trauma do not normalise within 4-
5 days, complications should be suspected [15].
In traumatised tissues the microcirculation is jeopardised
due to either direct damage to the vessels or thrombosis.
The supply of nutrients to the traumatised tissue is
dependent on a concentration gradient as created by
hyperglycaemia. In addition to the regional vasodilata-
tion capillary leak with local oedema develops. Revascu-
larisation develops in the traumatised tissue within 3-7
days as observed by Hunt et al [16]. Thus within a week,
the capillary leak, hyperglycaemia and oedema will nor-
malise following uncomplicated major trauma.
The immunological response
A local inflammatory response always occurs in relation
to tissue trauma. Local mediators in tissue trauma include
kinins and arachidonic acid metabolites. In addition, his-
tamine is released from mast cells in the tissue. These local
mediators increase capillary permeability, tissue oedema,
and stimulate the local infiltration of immune cells. While
most of these local mediators have a short half life, the
effects exerted by these mediators are longer lasting, ren-
dering measurements of the concentration of these medi-
ators in serum unimportant as concentrations of
mediators do not necessarily reflect the important local
activity.
Another endogenous trigger of inflammation is high
mobility group box 1 protein (HMGB1). HMGB1, which
is released from necrotic or injured cells, attracts neu-
trophils and macrophages to the site of injury, increases
vascular leakage, and reduces the perfusion pressure in the
micro circulation [17].
One of the genetically best preserved non-specific reac-
tions to injury or infection is the complement cascade.
The complement can be activated by three pathways: by
antigen-antibody complexes, by bacterial cell wall com-
ponents, and by the mannan-binding lectin pathway. The
split products of the complement activation are able to
lyse bacteria directly, opsonise antigens, attract neu-
trophils and activate platelets. Activation of the comple-
ment system in injury is closely connected to the
coagulation cascade.
Following trauma, the coagulation system is early and
readily activated. It has been demonstrated that thrombin
generated in the coagulation cascade activates C5a in the
complement system. Activation of the complement sys-
tem mediates the immune response. In this way the coag-
ulation cascade is connected to the immune system [18].
However, early in trauma it has been difficult to predict
the clinical outcome by measuring products of the com-
plement system [19,20].
Monocytes and endothelium in the area of injury release
proinflammatory cytokines of which the most important
are IL-1-β, TNF-α, IL-6, IL-8 and IFN-γ [21] (Fig. 1). The
first cytokines secreted after trauma are TNF-α and IL-1.
IL-1 and TNF-α are short lived cytokines and have a simi-
lar effect on the immune system. The half life of TNF-α
and IL-1 is 20 minutes and 6 minutes respectively [22].
TNF-α and IL-1 stimulate many immunological impor-
tant cells and are able to induce secretion of proinflamma-
tory cytokines such as IL-6 and IL-8, and the anti-
inflammatory cytokine IL-10 [23-25]. IL-1 also induces a
febrile response. IL-6 is first detectable in plasma within
an hour after trauma. IL-6 stimulates the hepatic acute
phase protein synthesis with release of C-reactive protein
(CRP) and procalcitonin. The secretion of IL-6 correlates
with the magnitude of the trauma, the duration of surgery
and the risk of postoperative complications [26]. IL-6 has
been suggested as a mediator for immune monitoring in
the damage control strategy.
IL-6 activates neutrophils and NK-cells and inhibits the
apoptosis of neutrophils observed following trauma.
Although IL-6 functions as a proinflammatory cytokine in
the early hours following trauma, it also has an anti-
inflammatory effect by promoting the release of IL-1
receptor antagonists and soluble TNF-receptors [27,28].
IL-6 also induces the production of prostaglandin E2,
which stimulates the release of the potent anti-inflamma-
tory cytokine IL-10 [29] (Table 1). In this way the initial
proinflammatory response following trauma is soon bal-
anced by a compensatory, anti-inflammatory response
syndrome. Also induced by IL-1 and TNF-α is the secre-
tion of IL-8. Initially IL-8 attracts initially neutrophils, but
later also monocytes lymphocytes and fibroblasts to the
area of injury. IL-8 can activate the neutrophils and it pro-
longs the half life of neutrophils in the area of injury [30].
If the proinflammatory response becomes exaggerated
patients might develop SIRS with increased risk of organ
dysfunction. On the other hand if the proinflammatory
response is repeated, especially in severely ill patients withScandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2009, 17:43 http://www.sjtrem.com/content/17/1/43
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significant co-morbidities the immune system may
become exhausted with increased risk of infection. The
initial high concentration of proinflammatory cytokines
and acute phase protein measured within the first hours
to a few days following major trauma, will gradually nor-
malize and will be balanced by an anti-inflammatory
response. If a second peak of acute phase proteins and
proinflammatory cytokines is measured in the circulation,
complication such as infection should be suspected. Gen-
erally there is a strong association between the extent of
the tissue injury and the level of cytokines in plasma,
while it has been more difficult to demonstrate a correla-
tion between the cytokine response and mortality in
trauma patients [31].
The cell mediated immunological response
Major accidental trauma especially affects the non-specific
cell mediated immunity. The non-specific cell mediated
immunity consists first of all of the neutrophils, but also
of monocytes and NK-cells (Fig. 2). The neutrophils are
the first cells to arrive at the area of injury [32]. At the
same time leucocytosis is observed in peripheral blood
[33]. If the accumulation of neutrophils in the tissue
becomes exaggerated, immature forms of neutrophils are
observed in the peripheral blood. The leucocytosis may be
explained partly by the decreased apoptosis observed up
to 3 weeks following major trauma [34]. The local migra-
tion of neutrophils into the site of tissue damage is impor-
tant for wound healing and for protection against
invading micro-organisms.
Between the resting state and the full activated state of
neutrophils, an intermediate state called priming or preac-
tivation exists. In this priming state a second hit can evoke
a more exaggerated response [35]. In major trauma, the
neutrophils become primed by chemo-attractants in the
injured tissue and by exposure to circulating cytokines. In
a study by Botha et al. [33], maximum priming of neu-
trophils was observed 3-24 hours following major
trauma. The primed neutrophils are characterized by
increased expression of adhesion molecules on their sur-
face. The second hit to the immune system in the trauma
patient might be necessary surgery or the development of
nosocomial infections.
The proinflammatory response induced by trauma Figure 1
The proinflammatory response induced by trauma.Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2009, 17:43 http://www.sjtrem.com/content/17/1/43
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Following major trauma, the neutrophils do not only
accumulate in the injured tissue. A systemic accumulation
of neutrophils is also observed. This accumulation of
primed neutrophils in non-injured tissue is best under-
stood following infection. Following injection of bacterial
products, accumulation of activated neutrophils is
observed, especially in the lungs and liver [36]. These neu-
trophils are protective against infection. The activated
neutrophils, however release enzymes such as elastase and
myeloperoxidase (MPO) by exocytosis and are capable of
oxidative burst activity which may cause damage to unin-
jured tissue. This systemic accumulation of neutrophils is
important in the pathogenesis of tissue damage such as
the development of acute respiratory distress syndrome
(ARDS) following major trauma. This whole body inflam-
matory response following major trauma has been
described by Nuytinck et al. [37] in an autopsy study. If
the stimulation of neutrophils and their accumulation in
tissue becomes excessive, impaired function of those neu-
trophils remaining in the blood stream has been
observed. Thus, following excessive activation, some
exhaustion may also be observed in the neutrophils.
Increased expression of adhesion molecules is observed
on neutrophils as well as on endothelium, which facili-
tates the trans-migration of neutrophils from the blood
stream into the tissue. A migration of neutrophils into the
tissue involves several steps: First there is a tethering and
rolling along the endothelium, then there is an arrest of
the neutrophils, and third a migration into the tissue.
Selectin adhesion molecules such as CD62L on the neu-
trophils are involved in the primary rolling while the
integrin adhesion molecules such as CD11b/CD18 medi-
ate the more firm adhesion [38]. The last step of the
migration into the tissue is induced by chemo-attractants
within the injured tissue. Increased expression of CD11b/
CD18 on the surface of neutrophils is measured 24 hours
after trauma and increased levels may be observed for the
next 1-3 weeks [39].
The second component of the non-specific cell-mediated
immunity is the mononuclear phagocyte system. These
mononuclear cells are referred to as monocytes when cir-
culating in the bloodstream and macrophages when
found in the tissue (i.e.: Kupffer cells in the liver). Mono-
Table 1: Mediators of the inflammatory response following trauma
Secretion stimulated by Cellular origin Function Ref.
IL-1(β) Activation of macrophages Released from monocytes and 
endothelium
Pro-inflammatory Induces fever, secretion of 
IL-6 and 8
[23]
IL-4 Trauma Activated T-cells Anti-inflammatory [45]
IL-6 IL-1β
TNF-α
Released from monocytes and 
endothelium
Pro- and Anti-inflammatory, production of 
CRP, procalcitonin. IL1R-antagonist, PGE2
[22,26]
IL-8 IL-1 (β) Released from monocytes and 
endothelium
Pro-inflammatory, activate PMN, attracts 
monocytes, fibroblasts. Prolongs half-life of 
PMN
[24]
IL-10 PGE2 Released from monocytes and 
endothelium
Anti-inflammatory [25]
TNF-α Activation of macrophages Monocytes and endothelium Induces secretion of IL-6 and 8 [22]
IFN-γ Trauma NK- cells
Activated T-cells
Pro-inflammatory [42]
HMGB1 Always localized in the nucleus 
of the cells
Released from nucleus of 
necrotic cells
Attracts neutrophils and macrophages [17]
MPO Activated PMN Released from granules in 
monocytes and PMN
Degrades bacteria and cellular debris [36,37]
Elastase Activated PMN Released from granules in 
monocytes and PMN
Degrades bacteria and cellular debris [36,37]
Free oxygen radicals Activated PMN Released from monocytes and 
PMN
Degrades bacteria and cellular debris [36,37]Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2009, 17:43 http://www.sjtrem.com/content/17/1/43
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cytes and macrophages are able to phagocytise and gener-
ate oxygen free radicals; they have limited secretion of
enzymes, but have a very active synthesis of cytokines. In
addition they are able to present antigens by the major
histocompability complex 2 (MHCII). Earlier studies
focused on their phagocytic functions whereas recent
reports focus on their synthesis of cytokines and antigen
presentation. Several investigators have observed a deacti-
vation of monocytes following major trauma. This deacti-
vation is characterized by a reduced MHCII expression.
The reduced expression of MHCII on the surface of mono-
cytes correlates with the extent of trauma, and there is
some evidence that it also correlates with later develop-
ment of sepsis [40]. The reduced expression of MHCII on
monocytes has been used to monitor the degree of
immune paralysis. After uncomplicated trauma, the
expression of MHCII on monocytes is normalized within
a week [41]. The reduced MHCII expression can be nor-
malized in traumatized patients by treatment with IFN-γ.
IFN-γ did not, however, change incidence of infection or
mortality [42]. Also, the ability of the monocytes to pro-
duce cytokines is impaired following major trauma. This
has been shown in vitro where monocytes from trauma
patients were stimulated and afterwards showed a reduced
production of cytokines. Thus, following major accidental
trauma the monocytes do not show a biphasic pattern. In
contrast, the function of monocytes is continuously
decreased. This deactivation of monocytes with reduced
expression of MHCII and decreased ability to secrete
cytokines is measured simultaneously with increased
secretion of pro- as well as anti-inflammatory cytokines
and activation of neutrophils.
The third component of the non-specific cell mediated
immunity is the NK cells. Following a modest trauma, the
NK-cell activity is reduced for only several days [31]. Fol-
lowing major trauma such as thermal injury, the NK-cell
activity has been observed to be suppressed for 2-4 weeks
[43].
T-lymphocytes are part of the specific cell-mediated
immunity and are less affected by trauma. The functions
of T-lymphocytes can be measured as the delayed type
hypersensitivity (DTH) or their ability to proliferate upon
stimulation. Subpopulations of T-cells are able to kill any
cell which presents an appropriate antigen. DTH as well as
T-cell proliferations are suppressed following trauma [44].
In recent years, attention has, however, been focused on
the Th1/Th2 lymphocyte ratio. The reduced production of
IFN-γ from NK-cells favours a shift of the Th-1/Th-2 lym-
phocyte ratio towards a Th-2 dominated cytokine pattern.
The Th-2 lymphocyte cytokine pattern is characterized by
a production of the anti-inflammatory cytokine IL-4 and
IL-10. This shift in balance towards Th-2 lymphocyte
dominance induces a down regulation of the cell medi-
ated immunity and is part of the counter inflammatory
response [45].
Hemorrhagic shock and the immune system
Hemorrhagic shock is one of the two principal reasons of
death after trauma. In trauma death, three peaks are
encountered. The first is within the first hour. The second
peak is within the next 24 hours where hemorrhagic shock
contributes considerably to the high mortality. The last
mortality peak occurs after days or weeks and the cause of
death is often SIRS or MODS and will not be discussed in
the present review.
Not much is known about the human inflammatory
response during the first hour after hemorrhagic shock.
One important limitation is the difficulty of obtaining
blood samples. Thus, in this first hour, mainly animal
studies are available.
Immediately after vascular damage and haemorrhage, leu-
cocytes begin rolling along the activated endothelium. In
haemorrhage complement is activated. The secretion of
HMBG1 and the production of cytokines are initiated
[46]. Proinflammatory cytokines are produced following
haemorrhage and continued high levels of IL-6 correlates
with mortality in hemorrhagic shock. Recent studies indi-
cate that male gender may be associated with higher levels
of IL-6 and thus poorer outcome [47]. The anti-inflamma-
tory cytokine IL-10 is also secreted. Recent studies have
shown that IL-10 deficiency augments acute lung injury in
hemorrhagic shock [48].
In animal studies, it has been shown that blood loss quite
often initiates a suppression of NK-cell activity. In one
animal study performed by Yago et al. [49], moderate
trauma did not depress the NK-cell activity, but impair-
Brief review of the immune system Figure 2
Brief review of the immune system.
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ment of NK-cell activity correlated with the amount of
blood loss. Transfusion of blood further induces a sup-
pression of the immune system after major trauma. It has
been observed that blood transfusion can induce a shift
towards Th-2 lymphocyte and a down regulation of
MHCII antigen presentation on monocytes. In animal
studies, it has also been demonstrated, that blood transfu-
sion in comparison to Ringer solution decreases the NK-
cell activity [50]. In human studies, the amount of blood
transfusions may reflect the severity of the injury and post-
trauma complications might be caused by the severity of
injury as much as blood transfusion. In humans, however,
several data-bank analyses demonstrated that blood trans-
fusion is an independent risk factor for post-trauma com-
plications [51].
I/R in relation to trauma and the inflammatory 
response
I/R is often associated with trauma and in fact all major
trauma are expected to include I/R to a certain extent. It is
difficult to differentiate between damage caused by I/R,
injury and haemorrhage, and to a certain extent they act
simultaneously. Global ischemia following major trauma
is mainly present due to severe hypotension following
arterial and venous bleeding. A major trigger of inflamma-
tion following injury is the reperfusion. After the I/R
injury, leucocytes are attracted to the affected area. The
production of pro- as well as anti-inflammatory cytokines
is increased. HMGB1 is also secreted, but the precise role
of HMGB1 in I/R is not known as recent studies have
shown that preconditioning with HMGB1 reduces the I/R
injury [52]. The reperfusion elicits activation and accumu-
lation of neutrophils not only in the damaged tissue, but
also in distant organs. The most susceptible organs are the
kidneys, the liver and the lungs. When these organs are
examined after an I/R injury, neutrophils and a large con-
centration of MPO are found. MPO catalyses the forma-
tion of oxygen free radicals such as hypochlorite, and
chloride ions. Oxygen free radicals have a bactericidal
capacity but may also injure the local tissue [53].
In I/R all three pathways of complement are activated and
contribute to the tissue damage, inserting holes/perfora-
tions in the cellular membranes [54].
According to classical immunology T-lymphocytes were
not suspected of playing a role in I/R. Animal studies have
however shown that knockout mice lacking T-cells were
protected against I/R [55].
Timing of surgery in major accidental trauma
Major trauma induces an inflammatory response initially
characterized by increased levels of proinflammatory
cytokines and activation of neutrophils. This pathophysi-
ological inflammatory response is determined not only by
genetic disposition, physiological states, the type and
amount of injury, but also by surgery. In the early hour of
major trauma, the patient is resuscitated with advanced
trauma life support, treating hypoxia as well as hypovo-
lemia. Resuscitation relieves ischemia in the tissue, but
also induces I/R injury. In the early hours following major
trauma, life-saving surgical procedures should be per-
formed, for example thoracic drainage, emergency
laparotomy, pelvic or abdominal packing and emboliza-
tion of bleeding vessels. The surgical procedures, the I/R
injury, the possible microbiological invasion in the form
of aspiration pneumonia or infection of wounds, induce
a further activation of the proinflammatory response. Day
1 surgery is limited to damage control interventions, such
as stabilisation of long bone fractures, decompression
procedures and debridment. In this way, the detrimental
triangle of hypothermia, acidosis, and coagulopathy is
avoided, and the patient is transferred to the ICU for fur-
ther stabilisation. But at the same time a further proin-
flammatory systemic response is also avoided.
Normalisation of acidosis, coagulopathy and hypother-
mia is the basis for the damage control surgery concept
[56]. In this context it has been shown that even slight
hypothermia increases the perioperative bleeding [57].
While resuscitation, necessary life saving surgical proce-
dures and damage control surgery has to be performed
within the first hours or day, the timing of reconstructive
surgery, especially orthopaedic surgery, has been widely
discussed (Fig. 3).
Several immune modulating trials have been performed
to either reduce the initial exaggerated proinflammatory
response or stimulate the immune system during later
immune paralysis. To reduce the proinflammatory
response in trauma patients, recombinant granulocyte
colony stimulating factor and indomethacin has been
tried [58]. To stimulate the later immune paralysis in
trauma patients, treatment with IFN-γ and prostaglandin
E2 has been investigated [42]. In clinical practice, how-
ever, no immune modulating therapy has been estab-
lished. To decide whether to stimulate or suppress the
immune system, we will need a bedside monitoring assay.
Plasma levels of IL-6 have been proposed as a marker of
the proinflammatory response, whereas the reduction of
the MHCII expression on monocytes has been proposed
as a way to monitor the anti-inflammatory response
[59,41]. At the present time, we lack a fast-acting biologi-
cal assay which could measure the state of pro- versus
anti-inflammatory balance in the specific trauma patient.
Thus, one of the few ways we can modulate the immune
system is planning of the reconstructive surgery.
There is general agreement that reconstructive surgery
should be postponed until pH, temperature and coagu-
lopathy have normalised. In addition the cardiovascularScandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2009, 17:43 http://www.sjtrem.com/content/17/1/43
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system should be stable without vasoconstrictors (serum
lactate below 2), the oxygenation of the tissue acceptable
with low to moderate FiO2, ICP below 20 mm Hg, plate-
lets >100,000 per μl and the diuresis at about 1 ml/kg/
hour [60]. It has also been proposed that reconstructive
orthopaedic surgery such as definitive osteosynthesis
should be postponed until the proinflammatory response
has normalized. It has been stated that in general the
immune response peaks on day 2 and returns to baseline
6-7 days following major trauma. The immune response
is, however, more extended. Investigations following
major trauma have demonstrated maximum priming of
neutrophils within 3-24 hours [33,39]. Oxidative burst of
granulocytes was maximal 6 hours following trauma and
returned to baseline 2 weeks later [61]. Most often, recon-
structive surgery is performed before this normalisation.
Similarly the adhesion molecule CD-11/CD-18 had max-
imal expression within the first 24 hours following major
trauma and was normalized 3 weeks later. The same pat-
tern has been observed with the selectin adhesion mole-
cules. Usually, following uncomplicated major trauma,
the expression of MHCII on monocytes is normalized
within 1 week [41]. The reduced apoptosis of neutrophils,
however, lasts 3 weeks following major trauma [34,61]. If
a normalisation of the immune system is required before
reconstructive orthopaedic surgery is performed, the
reconstructive surgery should be postponed to 3 weeks
post-trauma. Such an excessive postponement of recon-
structive surgery is not based on randomized controlled
trials [60]. Before such a postponement of reconstructive
surgery is introduced in clinical practise, a prospective
randomised trial should be performed, documenting the
beneficial effect. Postponement of surgery is not without
risk and non-stable dislocated fractures increase the risk of
ARDS and make it difficult to mobilize the patient. Intu-
bated, immobilized patients have increased risk of venti-
lator associated pneumonia and long-term sedation also
has immune suppressive effect. The benefit of postponing
reconstructive surgery therefore has to be balanced against
these risks [62,63].
Abbreviations
IL- 1, 4, 6, 8: Interleukin 1, 4, 6,8,10; IFN-γ: Interferron
Gamma; TNF-α: Tumor Necrosis Factor alfa; HMGB1:
High mobility group box 1 protein; MPO: Myeloperoxi-
dase; PMN: Polymorphonuclear Leucocytes; I/R: Ishemia/
reperfusion; SIRS: Systemic Inflammatory Response Syn-
drome; CRP: C - Reactive Protein; NK-CELL: Natural Killer
Cell; ARDS: Acute Respiratory Distress Syndrome; CD 11,
18, 62: Cluster of Differentiation; MHCII: Major Histo-
compability Complex; MODS: Mullti-organ Dysfunction
Syndrome; ICU: Intensive Care Unit.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
ACB and PT both participated in the process by finding
articles via Pub Med, writing the manuscript, and design-
ing the figures and tables. Both authors have read and
approved the final manuscript.
References
1. Weissman C: The metabolic response to stress: An overview
and uptake.  Anesthesiology 1990, 73(2):308-327.
2. Buckingham JC: Hypothalamo-pituitary responses to trauma.
Br Med Bull 1985, 41:203-211.
3. Cannon WB: The emergency function of the adrenal medulla
in pain and the major emotions.  Am J Physiol 1914, 33:356-372.
The pro- and anti inflammatory response to accidental trauma Figure 3
The pro- and anti inflammatory response to accidental trauma.Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2009, 17:43 http://www.sjtrem.com/content/17/1/43
Page 9 of 10
(page number not for citation purposes)
4. Ni Choleain N, Redmond HP: Cell response to surgery.  Arch Surg
2006, 141:1132-1140.
5. Salo M: Effects of anaesthesia and surgery on the immune
response.  Acta Anaesthesiol Scand 1992, 36:201-220.
6. Raju R, Bland KI, Chaudry IH: Estrogen: A novel therapeutic
adjunct for the treatment of trauma-hemorrhage-induced
immunological alterations.  Mol Med 2008, 14:213-221.
7. Jarrar D, Kuebler JF, Wang P, Bland KI Chaudry IH: DHEA: a novel
adjunt for the treatment of male trauma patients.  TRENDS in
Mol Med 2001, 7:81-85.
8. Mizushima Y, Wang P, Jarrar D, Cioffi WG, Bland KI, Chaudry IH:
Estradiol administration after trauma-hemorrhage
improves cardiovascular and hepatocellular functions in
male animals.  Ann Surg 2000, 232:673-679.
9. May AK, Dossett LA, Norris PR, Hansen EN, Dorsett RC, Popovsky
KA, Sawyer RG: Estradiol is associated with mortality in criti-
cally ill trauma and surgical patients.  Crit Care Med 2008,
36:62-68.
10. Cuthbertson DP: Observations on the disturbances of metab-
olism produced by the injury to the limbs.  Q J Med 1932,
1:233-244 [http://qjmed.oxfordjournals.org/cgi/content/citation/1/2/
233].
11. Bessey PQ, Jiang ZM, Johnson DJ, Smith RJ, Wilmore DW: Posttrau-
matic skeletal muscle proteolysis. The role of the hormonal
environment.  World J Surg 1989, 13:465-470.
12. Smith RM: Immunity, trauma and the elderly.  Injury 2007,
38:1401-1404.
13. Russell JA, Ronco JJ, Lockhat D, Belzberg A, Kiess M, Dodek PM:
Oxygen delivery and consumption and ventricular preload
are greater in survivors than in nonsurvivors of the adult res-
piratory distress syndrome.  Am Rev Respir Dis 1990, 141:659-65.
Erratum in: Am Rev Respir Dis 142: 260
14. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, Peter-
son E, Tomlanovich M, Early Goal-Directed Therapy Collaborative
Group:  Early goal-directed therapy in the treatment of
severe sepsis and septic shock.  N Engl J Med 2001, 345:1368-77.
15. Kohl BA, Deutschman CS: The inflammatory response to sur-
gery and trauma.  Curr Opin Crit Care 2006, 12:325-332.
16. Hunt TK, Knighton DR, Thakral KK, Goodson WH 3rd, Andrews
WS: Studies on inflammation and wound healing: angiogen-
esis and collagen synthesis stimulated in vivo by resident and
activated wound macrophages.  Surgery 1984, 96:48-54.
17. Harris HE, Raucci A: Alarmin(g) news about danger: workshop
on innate danger signals and HMBG1.  EMBO rep 2006,
7:774-778.
18. Huber-Lang M, Huber-Lang M, Sarma JV, Zetoune FS, Rittirsch D,
Neff TA, McGuire SR, Lambris JD, Warner RL, Flierl MA, Hoesel LM,
Gebhard F, Younger JG, Drouin SM, Wetsel RA, Ward PA: Genera-
tion of C5a in the absence of C3: a new complement activa-
tion pathway.  Nat Med 2006, 12:682-687.
1 9 . K r e m  M M ,  D i  C e r a  E :  Evolution of enzyme cascades from
embryonic development to blood coagulation.  Trends Biochem
Sci 2002, 27:67-74.
20. Shatney CH, Benner C: Sequential serum complement (C3)
and immunoglobulin levels in shock/trauma patients devel-
oping acute fulminant systemic sepsis.  Circ Shock 1985, 16:9-17.
21. Svoboda P, Kantorová I, Ochmann J: Dynamics of interleukin 1, 2,
and 6 and tumor-necrosis factor alpha in multiple trauma
patients.  J Trauma 1994, 36:336-340.
22. Ferguson KL, Taheri P, Rodriquez J, Tonapi V, Cardellio A, Dechert
R:  Tumor necrosis factor activity increases in the early
response to trauma.  Acd Emerg Med 1997, 4:1035-1040.
23. Dinarello CA: Biology of interleukin 1.  FASEB J 1988, 2:108-115.
24. Keel M, Ecknauer E, Stocker R, Ungethum U, Steckholzer U, Kenney
J, Gallati H, Trentz O, Ertel W: Different pattern of local and sys-
temic release of proinflammatory and anti-inflammatory
mediators in severely injured patients with chest trauma.  J
Trauma 1996, 40:907-912.
25. Lyons A, Kelly JL, Rodrick ML, Mannick JA, Lederer JA: Major injury
induces increased production of interleukin-10 by cells of the
immune system with a negative impact on resistance to
infection.  Ann Surg 1997, 226:450-458.
26. Nast-Kolb D, Waydhas C, Gippner-steppert C, Schneider I, Trupka
A, Ruchholtz S, Zettl R, Schweiberer L, Jochum M: Indicators of the
posttraumatic inflammatory response correlate with organ
failure in patients with multiple injuries.  J Trauma 1997,
42:446-454.
27. Tilg H, Trehu E, Atkins MB, Dinarello CA, Mier JW: Interleukin-6
(IL-6) as an anti-inflammatory cytokine: induction of circu-
lating IL-1 receptor antagonist and soluble tumor necrosis
factor receptor p55.  Blood 1994, 83:113-118.
28. Xing Z, Gauldie J, Cox G, Baumann H, Jordana M, Lei XF, Achong MK:
IL-6 is an antiinflammatory cytokine required for controlling
local or systemic acute inflammatory responses.  J Clin Invest
1998, 101:311-20.
29. Koller M, Clasbrummel B, Kollig E, Hahn MP, Muhr G: Major injury
induces increased production of interleukin-10 in human
granulocyte fractions.  Langenbecks Arch Surg 1998, 383:460-465.
30. Partrick DA, Moore FA, Moore EE, Biffl Wl, Sauaia A, Barnett CC Jr:
Jack A. Barney resident research award winner. The inflam-
matory profile of interleukin-6, interlukin-8, and soluble
intercellular adhesion molecule-1 in post injury multiple
organ failure.  Am J Surg 1996, 172:425-429.
31. Andersen SK, Toft P, E Tønnesen: Immunological aspects of
major trauma with special reference to cytokines.  Placebo
2001,  4:123-126 [http://www.univ-lille1.fr/lea/Menu_du_Site/Publica
tions/Acrobat/Placebo%202-4.pdf#page=26].
32. Toft P, Tønnesen E, Helbo-Hansen HS, Lillevang ST, Rasmussen JW,
Christensen NJ: Redistribution of granulocytes in patients
after major surgical stress.  APMIS 1994, 102:43-48.
33. Botha AJ, Moore FA, Moore EE, Sauaia A, Banerjee A, Peterson VW:
Early neutrophil sequestration after injury. A pathogenic
mechanism for multiple organ failure.  J Trauma 1995,
39:411-417.
34. Taneja R, Parodo J, Jia SH, Kapus A, Rotstein OD, Marshall JC:
Delayed neutrophil apoptosis in sepsis is associated with
maintenance of mitochondrial transmembrane potential
and reduced caspase-9 activity.  Crit Care Med 2004,
32:1460-1469.
35. Koike K, Moore FA, Moore EE, Poggetti RS, Tuder RM, Banerjee A:
Endotoxin after gut ischemia/reperfusion causes irreversible
lung injury.  J Surg Res 1992, 52:556-562.
36. Toft P, Krog J, Brix-Christensen V, Beck J, Dagnæs-Hansen F, Obel N,
Bendix-Hansen K, Jørgensen HS: The effect of CVVHDF and
endotoxin on the oxidative burst, adhesion molecules and
distribution in tissues of granulocytes.  Intensive Care Med 2000,
26:770-775.
37. Nuytinck HK, Offermans XJ, Kubat K, Goris JA: Whole-body
inflammation in trauma patients. An autopsy study.  Arch Surg
1988, 123:1519-1524.
38. Seekamp A, Jochum M, Ziegler M, van Griensven M, Martin M, Regel
G: Cytokines and adhesion molecules in elective and acciden-
tal trauma-related ischemia/reperfusion.  J Trauma 1998,
44:874-882.
39. White-Owen C, Alexander JW, Babcock CF: Reduced expression
of neutrophil CD 11b and CD 16 after severe traumatic
injury.  J Surg Res 1992, 52:22-26.
40. Ayala A, Ertel W, Chaundry IH: Trauma-induced suppression of
antigen presentation and expression of major histocompati-
bility class II antigen complex in leukocytes.  Shock 1996,
5:79-90.
41. Giannoudis PV, Smith RM, Perry SL, Windsor AJ, Dickson RA, Bel-
lamy MC: Immediate IL-10 expression following major ortho-
paedic trauma. Relationship to anti-inflammatory response
and subsequent development of sepsis.  Intensive Care Med 2000,
26:1076-1081.
42. Polk HC Jr, Cheadle Wg, Livingston DH, Rodriques JL, Starko KM, Izu
AE, Jaffe HS, Sonnefeld G: A randomized prospective clinical
trial to determine the efficacy of interferon-gamma in
severely injured patients.  Am J Surg 1992, 163:191-196.
43. Jira M, Polacek V, Strejcek J, Fara M, Konigova R: Natural killer cell
activity following thermal injury.  Scand J Plast Reconstr Surg 1988,
22:131-133.
44. Napolitano LM, Campbell C: Polymicrobial sepsis following
trauma inhibits interleukin-10 secretion and lymphocyte
proliferation.  J. Trauma 1995, 39:104-111.
45. Decker D, Schorndorf M, Bidlingmaier F, Hirner A, von Ruecker AA:
Surgical stress induces a shift in the type 1/type 2- helper cell
balance suggesting down-regulation of cell-mediated and up-
regulation of antibody-mediated immunity commensurate
to trauma.  Surgery 1996, 119:316-325.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2009, 17:43 http://www.sjtrem.com/content/17/1/43
Page 10 of 10
(page number not for citation purposes)
46. Peltz ED, Moore EE, Eckels PC, Damle SS, Tsuruta Y, Johnson JL,
Sauaia A, Silliman CC, Banerjee A, Abraham : HGMB1 is markedly
elevated within six hours of mechanical trauma in humans.
Shock 2009, 32:17-22.
47. Sperry JL, Friese RS, Frankel HL, West MA, Cuschieri J, Moore EE,
Harbrecht BG, Peitzman AB, Billiar TR, Maier RV, Remick DG, Minei
JP, Inflammation the Host Response to Injury Investigators: Male
gender is associated with excessive IL-6 expression following
severe injury.  J Trauma 2008, 64:572-579.
48. Kobbe P, Stoffels B, Schmidt J, Tsukamoto T, Gutkin DM, Bauer AJ,
Papa HC: Il-10 defiencency augments acute lung but not liver
injury in hemorrhagic shock.  Cytokine 2009, 45:26-31.
49. Yago H, Yoshii H, Naiki M, Suehiro S: Stress and murine NK cell
function: the role of blood loss.  J Clin Lab Immonol 1992,
37:123-132.
50. Waymack JP, Fernandes G, Yurt RW, Venkatraman JT, Burleson DG,
Guzman RF, Mason AD Jr, Pruitt BA Jr: Effect of blood transfusion
on immune function.  Surgery 1990, 108:172-177.
51. Flohé S, Kobbe P, Nast-Kolb D: Immunological reactions sec-
ondary to blood transfusion.  Injury 2007, 38:1405-1408.
52. Izuishi K, Tsung A, Jeyabalan G, Critchlow ND, Li J, Tracey KJ,
Demarco RA, Lotze MT, Fink MP, Geller DA, Billiar TR: Cutting
edge: high-mobility group box 1 preconditioning protects
against liver ischemia-reperfusion injury.  J Immunol 2006,
176:7154-7158.
53. Jeyabalan G, Tsung A, Billiar TR: Linking proximal and down-
stream signalling events in hepatic ischaemia/reperfusion
injury.  Biochem Soc Trans 2006, 34(Pt 5):957-9.
54. Arumugam TV, Shiels IA, Woodruff TM, Granger DN, Taylor SM:
The role of the complement system in ischemia-reperfusion
injury.  Shock 2004, 21:401-409.
55. Boros P, Bromberg JS: New cellular and molecular immune
pathways in ischemia/reperfusion injury.  Am J Transplant 2006,
6:652-658.
56. Stahel PF, Heyde CE, Wyrwich W, Ertel W: Current concepts of
polytrauma management: from ATLS to "damage control".
Orthopade 2005, 34:823-836.
57. Rajagopalan S, Mascha E, Na J, Sessler DI: The effects of mild peri-
operative hypothermia on blood loss and transfusion
requirement.  Anesthesiology 2008, 108:71-7.
58. Flohé S, Lendemans S, Selbach C, Waydhas C, Ackermann M, Schade
FU, Kreuzfelder E: Effect of granulocyte-macrophage colony-
stimulating factor on the immune response of circulating
monocytes after severe trauma.  Crit Care Med 2003,
31:2462-2469.
59. Gebhard F, Pfetsch H, Steinbach G, Strecker W, Kinzl L, Brückner UB:
Is interleukin 6 an early marker of injury severity following
major trauma in humans?  Arch Surg 2000, 135:291-295.
60. Gebhard F, Huber-Lang M: Polytrauma-pathophysiology and
management principles.  Langenbecks Arch Surg 2008,
393:825-831.
61. Ogura H, Tanaka H, Koh T, Hashiguchi N, Kuwagata Y, Hosotsubo H,
Shimazu T, Sugimoto H: Priming, second-hit priming, and apop-
tosis in leukocytes from trauma patients.  J Trauma 1999,
46:774-781.
62. Kelbel I, Weiss M: Anaesthetics and immune function.  Curr Opin
Anaesthesiology 2001, 14:685-691.
63. Drakulovic MB, Torres A, Bauer TT, Nicolas JM, Nogué S, Ferrer M:
Supine body position as a risk factor for nosocomial pneumo-
nia in mechanically ventilated patients: a randomised trial.
Lancet 1999, 354:1851-1858.